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Abstract

Objective:

The objective was to assess processes of care for patients with diabetes undergoing elective surgery.

Methods:

A retrospective review of medical records was conducted to determine frequency of perioperative glucose
monitoring, changes in glucose control, and treatment of intraoperative hyperglycemia.

Results:

A total of 268 patients underwent 287 elective procedures. Mean age was 67 years, 63% were men, 97% had
type 2 diabetes, and most (57%) were treated with oral hypoglycemic agents. Average perioperative time was
approximately 8 h. Mean preoperative hemoglobin Alc was 7.0%; however, this value was checked in only 52%
of cases. A glucose measurement was obtained in 89% of cases in the preoperative area and in 87% in the
postanesthesia care unit, but in only 33% of cases did a value get checked intraoperatively. Average glucose was
139 mg/dl preoperatively, increasing to 166 mg/dl postoperatively (p <.001). Glucose levels increased regardless
of type of outpatient medical therapy used to treat hyperglycemia, except for those on combination oral
agents plus insulin (p =.06).

Conclusions:

These data indicate suboptimal documentation of outpatient hemoglobin Alc. Intraoperative glucose monitoring
seldom occurred, despite prolonged periods under anesthesia and perioperative deterioration of glycemic control.
Standards need to be developed and interventions are needed to enhance management of diabetes patients
undergoing elective procedures.
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Introduction

Diabetes mellitus continues to increase in prevalence, with nearly 8% of the United States population now carrying
the diagnosis.! Patients with diabetes have a higher risk of requiring surgery than do persons without diabetes, and
surgery in these patients has been associated with increased morbidity and mortality.>* Current research indicates
that outpatient glycemic control (as assessed by hemoglobin Alc) and perioperative hyperglycemia contribute to poorer
surgical outcomes in patients undergoing cardiac surgery.>-® Multiple studies on the effects of hyperglycemia in persons
with or without diabetes who are undergoing cardiac or vascular surgery have shown a link between perioperative
hyperglycemia and worse patient outcomes.’* In addition, the development of perioperative hyperglycemia has been
correlated with an increased rate of surgical site infections.*-1°

Multiple mechanisms may explain how hyperglycemia can lead to poorer outcomes among patients undergoing surgery.
Perioperative hyperglycemia has been associated with abnormalities in granulocyte adherence, impaired phagocytosis,
delayed chemotaxis, and depressed bactericidal capacity, all of which could lead to a greater susceptibility to wound
infection.” Hyperglycemia has been shown to increase generation of reactive oxygen species and inflammatory
cytokine concentrations.!”

Successful control of hyperglycemia during the perioperative phase of patient care can ensure a successful glucose
transition either to the health team caring for the individual in the hospital (if the patient is admitted) or to the
patient and family (if the patient is discharged home immediately after the procedure). We previously reported on
an analytic approach to evaluate the different segments of perioperative management of patients with diabetes on
insulin pump therapy.!® Because little data exist on the perioperative care of the more general diabetes population,
we adapted this previous model to test the hypothesis that there were aspects of care in need of improvement in the
perioperative care of the non-insulin-pump-managed diabetes patients undergoing elective surgery.

Methods

Case Selection

Adult patients (aged =18 years) with a diagnosis of diabetes who underwent an elective surgical procedure under general
anesthesia between January 1, 2011, and April 30, 2011, were identified by electronic discharge data. Patients who were
already hospitalized prior to a surgical procedure were not included. Our facility does not treat obstetric or pediatric
patients, thus the analysis included only adult patients. Additionally, patients on outpatient insulin pump therapy
for the management of diabetes were excluded from this analysis because they had been included previously in a
separate review.!® The Mayo Clinic Institutional Review Board approved this study.

Data Abstraction

The electronic medical record for each patient was reviewed, and relevant data were abstracted. Demographics (age, sex,
and race/ethnicity) were recorded. Also abstracted were type of diabetes, self-reported duration of diabetes, type of
outpatient diabetes therapy (e.g., diet, oral agents, insulin) prior to surgery, body mass index (weight in kg/height
in m?), hemoglobin Alc (HbAlc), glucose levels, American Society of Anesthesiologists’ classification, type of surgery
performed, and surgical service.

As previously described, the perioperative period was defined as the time from admission to the preoperative unit
through discharge from the postanesthesia care unit!® The perioperative period was further divided into preoperative,
intraoperative, and postanesthesia care unit phases, and the duration of each phase was recorded for every patient.
Additionally, the duration of the surgical procedure itself was calculated. Preoperative, intraoperative, and postanesthesia
care unit records were reviewed for each patient. The following variables were recorded from each chart: time in specific
perioperative phases; preoperative, intraoperative, and postoperative blood glucose levels; type of blood glucose
monitoring; and perioperative treatment of blood glucose.
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Data Analysis

Several patients underwent multiple operations during the review period, so each individual surgical case was treated as
an independent observation. Data are reported as mean (standard deviation (SD)) or as number (percentage), as applicable.
Differences in HbAlc and glucose levels were initially evaluated using both parametric and nonparametric methods;
since both methods revealed identical findings, statistical differences are reported using paired or unpaired f tests, or
x* as appropriate. If multiple glucose values were obtained within a perioperative segment, they were averaged prior
to making statistical comparisons.

Results

Characteristics of Patients

Data were analyzed for a total of 268 unique patients with diabetes who underwent a total of 287 elective surgical
procedures; 17 patients had 2 procedures, 1 had 3, and the rest had only 1. Mean (SD) age of the 268 patients was
67 (11) years. Most patients were male, white, and identified as having type 2 diabetes. On the basis of body mass
index, most were obese, and the mean (SD) self-reported duration of diabetes was 12 (12) years. Preoperatively, most
patients were treated with oral medications only, followed by insulin only, diet, and a combination of insulin and oral
medications. Preoperative medical evaluations were conducted in 192 (68%) of cases. Mean (SD) preoperative HbAlc
was 7.0% (1.4%); however, a preoperative HbAlc was obtained in only 52% (n = 149) of the 287 cases, with average
interval being 13 (18) days prior to surgery. In instances where HbAlc was checked, 53 (36%) of values were 7.0%, and
21 (14%) were 8.0%. Patients taking combination oral agents plus insulin had significantly higher HbAlc values than
persons on diet therapy, oral agents only, or insulin alone (all p < .01 for combination therapy versus other therapies).
There were no differences in HbAlc among patients managed with diet, oral agents, or insulin. Most cases had an
American Society of Anesthesiologists’ physical status of 3, connoting severe, systemic disease. After most [219/287 (76%)]
surgical procedures, patients required admission (Table 1).

Characteristics of Surgical Procedures

Perioperative times are summarized as mean (SD) and

range in Figure 1. The average time of the surgical Aracte of 268 Patie Diab
procedure was 127 (101) min, and 205 (72%) operations Jereocls s e
lasted 60 min or longer. The most common types of o
. . Characteristic N (%)
surgery were urologic [62/287 (22%)], orthopedic [59/287
(21%)], and general surgery [43/287 (15%)], with the rest Age, mean (SD), years 67 (11)
representative of other surgical specialties (Table 2). White race 239 (89)
Male sex 170 (63)
BMI, mean (SD) 31.3 (6.7)
Perioperative period DM, type 2, mean (SD) 259 (97)
(ra‘:,ggi"';'gs(_ 11%6'2'","),.") Preoperative medical evaluations 192 (68)
. . Hemoglobin Alc, mean (SD) 7.0 (1.4)
—— Preoperative Intraoperative — Postanesthesia recovery—
121 min (62 min) 189 min (112 min) 181 min (82 min) outpatient DM medication
(range, 25-397 min) (range, 45-775 min) (range, 55-579 min)
Oral and insulin 16 (6)
| | Diet 38 (14)
Surgery Insulin 60 (23)
Patient admitted Anesthesiology Anesthesiology Patient discharged Oral 153 (57)
to preoperative care initiated; care completed; from postanesthesia .
area patient a_dmitted to postar_le_s?hesia care unit Duration of DM, mean (SD)’ years 12 (12)
operating room care initiated ASA Ievel 3 187 (70)
Figure 1. Phases of perioperative care defined by location. Time data Admitted after procedure 219 (76)
are shown in minutes as meanlgstar}dard dev.lat.lon) and range. (Adatoted 2 ASA, American Society of Anesthesiology: BMI, body mass
from Nassar and colleagues,'® with permission from the American . S o X .
L .. . . index (weight in kg/height in m?); DM, diabetes mellitus.
Association of Clinical Endocrinologists.) b I .
Data are number (percentage) unless indicated otherwise.
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Perioperative Glucose Monitoring

In most cases, glucose was checked during the pre- D bution of 28 g oced b pe o

operative and postanesthesia care unit phases of care g

(Figure 2). In the preoperative area, 254 of the 287 cases Type of surgical service Procedures, n (%)

(89%) had glucose monitoring performed; of these, 229 Urology 62 (22)

(90%) had point-of-care (POC) blood glucose (BG) levels :

only, 4 (2%) had venous measurements, and 21 (8%) had Orthopedic %9 @1)

both POC BG and venous samples. Intraoperatively, General 43 (15)

glucose was checked in only 95 (33%) cases. Of all 287 Transplant 29 (10)

cases, 30 (10%) had POC BG values alone, 47 (16%) had Otolaryngology 26 (9)

blood gas sampling, and 18 (6%) had POC BG plus blood Vascular 20 (7)

gas sampling. In the postanesthesia care unit, 251 (87%)

of all 287 cases had glucose levels obtained: 217 (86%) Neurosurgery 13 @

were POC BG values alone, 3 (1%) were venous, and Gynecology 12 (4)

31 (12%) had both. Plastics 10 (4)
Colorectal 9 (3)

More patients had glucose measurements obtained the Cardiothoracic 401

longer the procedure (p < .01). For procedures lasting 61 to
120 min, 23% (20/87) had a glucose measured, while 44%
(26/59), 52% (16/31), and 86% (24/28) of cases with procedures lasting 121 to 180, 181 to 240, and >240 min, respectively,
had at least one glucose measurement. The intraoperative monitoring frequency for patients on diet, combined oral
agents plus insulin, insulin, and oral agents was 7%, 8%, 35%, and 51%, respectively (p < .01; not shown).

Perioperative Glucose Control

The average intraoperative POC BG was 168 (46) mg/dl, and the mean glucose value obtained from other methods
was 176 (48) mg/dl. Glucose control was compared between preoperative and postanesthesia care unit phases of care.
Only POC BG values were considered because they constituted the majority of measurements. In paired analysis
(n = 222 pairs), the mean (SD) overall preoperative glucose was 139 (45) mg/dl, which increased to 166 (45) mg/dl in the
postanesthesia care unit (p < .01; Figure 3). Patients whose diabetes was managed with oral agents, insulin, or diet
alone as outpatients had higher glucose levels (all p < .01) in the postanesthesia care unit than in the preoperative area
(Figure 3).
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care unit M Preoperative [] Postoperative

Figure 2. Blood glucose monitoring defined by perioperative phase and
type of monitoring performed. Other denotes a laboratory test other
than a point-of-care blood glucose measurement.

Figure 3. Preoperative versus postoperative blood glucose. Preoperative
and postoperative blood glucose values are stratified by type of
home medication.
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Perioperative Glucose Management

Perioperatively, the 287 cases were given insulin as follows: 6 (2%) cases received insulin preoperatively, 35 (12%)
received insulin intraoperatively, and 87 (30%) received it in the postanesthesia care unit. Intraoperatively, 7 of the 35
cases were placed on insulin infusions. Otherwise, insulin was given as either an intravenous or subcutaneous bolus.

Discussion

Patients with diabetes are known to have worse morbidity and mortality when undergoing surgery, and hyperglycemia
is associated with worse patient outcomes. Currently, little detail is available about how patients with diabetes are
being managed as they transition through the various phases of perioperative care. The purpose of this study was to
better define current practice for these patients undergoing elective surgery, with the goal of identifying aspects of
care that could be targeted for improvement.

Additionally, the analysis also helped characterize our surgical patient population with diabetes. Most were older,
had type 2 diabetes, had fair glucose control preoperatively based on HbAlc values (at least among those who had
measurements), and were American Society of Anesthesiologists” class 3. Most procedures were urologic or orthopedic.
Most patients required outpatient pharmacologic treatment for hyperglycemia, and approximately one-fourth were on
insulin, either alone or in combination with oral agents. The high prevalence of pharmacologic treatment for diabetes
underscores the need to have guidelines for patients on how to adjust their diabetes treatment in the days leading up
to surgery.

Long-term glycemic control may be measured preoperatively using HbAlc. Studies have shown an association between
elevated HbAlc and decreased insulin sensitivity,”” as well as an increase in morbidity, in patients undergoing
surgery.>® In a study of patients with diabetes undergoing noncardiac surgery, HbAlc <7% was associated with
decreased complications due to infections (16).°® Another study of patients who underwent vascular surgery indicated
a significant (p < .05) increase in risk for cardiac ischemic events among persons with HbAlc >7% (17). Halkos and
coauthors” evaluated patients undergoing coronary artery bypass grafting and found that an elevated HbAlc was
associated with greater mortality, higher risk of myocardial infarction, and more deep sternal wound infections.

These studies signify the potential value of obtaining preoperative HbAlc in order to more accurately stratify the
intraoperative and postoperative potential morbidity and mortality of patients. However, our data indicated that
HbAlc was checked preoperatively in just over half of our patients. It is not known whether the effective lowering of
HbAlc during the period leading up to surgery might reduce hyperglycemia-associated risks, which requires future
investigation. Since completion of this analysis, we have modified our institutional guidelines to incorporate a
preoperative HbAIc test.

Although most of our patients had glucose measurements obtained in the preoperative and postanesthesia care unit
settings, ideally 100% should have values checked to allow for interventions for any extreme values. However, the area
identified as in most need of improvement is intraoperative glucose monitoring, which occurred in only one-third of
cases overall. The proportion of cases in which glucose measurements were obtained increased with the length of the
procedure. Nonetheless, there were patients who underwent long procedures who still did not have assessment of
their glycemic status.

Glycemic control deteriorated over the course of the perioperative period and was higher in the postanesthesia care
unit than in the preoperative phases of care. The clinical importance of this cannot be ascertained from this analysis.
Developing protocols to treat intraoperative hyperglycemia will require provisions to ensure assessment of glucose
levels. Our investigation of the infrequent POC BG measurements led to the discovery that only two POC BG devices
were available for 17 operating suites. Increased availability of necessary equipment should aid in enhancing intra-
operative glucose monitoring. Additionally, it was revealed that, due to whole body draping of the patient during some
procedures, an extremity may not be available for a POC BG test. Ongoing work with collaborators in anesthesiology
will seek to develop processes to overcome this limitation.
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Another finding relevant to intraoperative glucose control is the choice of sample used to make the measurement.
Most values obtained during the preoperative and postanesthesia care unit segments of care were POC BG levels;
however, intraoperatively, there was no consistent technology used, with half of the cases having POC BG measured
and the other half having glucose measured by arterial blood gas. Studies have shown that glucose levels differ when
measured by POC BG versus other methods, with results also depending on level of oxygenation.?>?*> When trying
to establish tight glucose control, these differences in sampling may have a substantial impact on patient care.
Many patients undergoing routine elective surgery do not experience clinically significant hemodynamic compromise,
and POC BG measurements may provide a reasonable estimate of glucose control. However, because there is a level
of error associated with POC BG testing, any aberrant measurements should be checked with a standard laboratory
test similar to protocols established for inpatients. Agreement needs to be established on the optimal method for
intraoperative glucose monitoring. Ideally, the same method should be applied throughout all phases of perioperative
care so that glucose levels can be compared.

Perioperative glycemic control has been studied in both cardiac and noncardiac patients, but studies are limited on
efficacy of actual intraoperative glycemic control. Limited evidence supports tight glycemic control intraoperatively,
although findings are not consistent.?*?> Intraoperative glucose levels were checked in a minority of our patients,
which may have delayed potential treatment of hyperglycemia and led to elevated BG levels postoperatively. Therefore,
we are in the process of developing standardized intraoperative guidelines to address and resolve these deficiencies in
glucose monitoring and to standardize insulin treatment during the perioperative period.

There are some limitations of our findings. First, although unlikely, it is possible that POC glucose measurements
were obtained but not recorded. Furthermore, no definite conclusions regarding the level of intraoperative glycemic
control or treatment effectiveness of hyperglycemia can be made in our patient population, because some glucose data
were missing. Third, the analysis focused strictly on outpatients undergoing elective procedures, and thus our results
cannot be generalized to diabetes patients undergoing emergent procedures or to those having surgery as inpatients.
Fourth, we did not examine possible intraoperative contributors to hyperglycemia (e.g., use of dextrose-containing fluids
or administration of steroids). Such confounders should be part of future analyses. Finally, these data are specific
to our institution. However, the method presented here, where management is defined and segmented according to
different phases of perioperative care, can serve as a model for others to follow when studying the quality of care in
the surgical patient.

This analysis has led to the formation of an institutional multidisciplinary team empowered to standardize the care
of outpatients with diabetes undergoing elective surgical procedures to include the need for preoperative medical
evaluation (lacking in many of our patients) and a requirement to obtain an HbAlc measurement. This process also
included a review and revision of patient education materials provided to patients preoperatively and standardization
of glucose monitoring frequency. Once approved by the organization, the impact of these standards of care will
be evaluated.

Conclusion

This analysis provided details on the characteristics of a patient population with diabetes undergoing surgery and also
provided an overview of their perioperative management. These data have allowed us to identify areas to target for
improvement. Protocols need to be developed to minimize the postoperative rise in glucose. As the prevalence of
diabetes continues to rise, more cases will likely be encountered in the surgical population, and improved perioperative
glucose assessment and monitoring may help to treat these patients more appropriately.
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